The seismic reflection traveltime curves are complicated, and depend on many parameters. There is a need for simplified equations involving a reduced number of parameters that can be estimated from data and used for moveout correction and velocity model building. Many authors have derived explicit equations for travel time as a function of offset, involving several parameters which depend on velocity. Some approximations are only good for short offsets, and others are for large offsets. Some authors have also applied the approach in which velocity varies with offset (velocity with high-order terms or anisotropic properties). Here we present a new approach in which we employ velocity variation with depth instead of offset. A simple linear variation of velocity is used to derive expressions for traveltime and offset as a function of ray parameter, from which the variation of travel time with offset can be obtained. Only two parameters are involved in defining the velocity depth profile, which leads to an implicit traveltime equation depending on only two parameters. However, the resulting traveltime-offset curves are very accurate for both short and long offsets. Alternatively, a twoparameter equation involving linear variations of slowness with depth or vertical travel time can also be obtained. Both the velocity and slowness expressions can be used for velocity analysis and moveout correction. Synthetic records are used to demonstrate their effectiveness.
Introduction
The hyperbolic approximation for reflection travel times is generally used for velocity analysis and stacking. Taner and Koehler (1969) extended the approximation by deriving a higher-order series applicable to isotropic layered media: 
The large-offset approximation is most accurate where there is strong ray bending, while the classical small-offset approximation is most accurate in situations of weak ray bending. Causse (2004) derived a new traveltime approximation that combines equations (1) and (2): (3) which provides a more accurate approximation to the exact travel time curves at all offsets. However, this expression often requires many parameters for accurately describing the traveltime curves.
The other way to approximate travel time is using velocity varied with depth, or vertical travel time. A common approach is to represent the velocity as a linear function of depth (Slotnick, 1936) .
where is the velocity at depth z , parameter is the initial velocity at depth (intercept), and is the gradient (the rate of variation of velocity with depth).
In this paper, assuming a linear velocity variation with vertical travel time , we derive traveltime approximations that depend on only two parameters, and we utilize these for velocity analysis and moveout correction. We also present the two-parameter traveltime approximations involving slowness varying with depth or vertical travel time. 0 t Two-parameter functions of velocity and slowness Considering a seismic wave traveling through a stack of plane homogeneous isotropic layers, its raypath from source to receivers can be decomposed into ray segments numbered from 1 to N. The velocity associated with ray segment i is denoted by . This may represent either the P-or S-wave velocity, depending on the wave mode. Denoting the corresponding layer thickness by and using the ray parameter 
When using continuous velocity or slowness model instead of a layered model, the equations (5) can be written as
(1) Velocity variation with depth Noting equation (4), we have the solution of equation (6) 
in which and denote the depth of reflector and velocity respectively at the depth .
Note that equation (7) only depends on two parameters, that is, the initial velocity and its gradient . 
where represents the one-way vertical travel time from surface to reflector. 
Substituting equation (14) to equations (4), (8), (10) and (12) 
Numerical examples
We use the same models as Causse et al. (2000) , and calculate the approximate travel times for P-waves reflected at the bottom of three different plane-layer models (A-C) with a reflector depth of 2500m (Table 1 ). The parameters in velocity or slowness can be obtained by best-fit method for given the ratio of offset to depth. Figure 1 shows the rays for offsets 4, 8 and 12 km with the models in Table 1 . Figure 2 and 3 show traveltimes and approximation errors calculated by velocity and slowness described as equation (2), (8), (10) and (12). In the case of the model with a high-velocity layer, the approximation using slowness variation with depth shows relatively high accuracy (yellow line in Figure 2 and 3) .
On two-parameter velocity analysis, we take the model with two high-velocity layers shown in Table 2 as an example. The bottom reflector synthetic CDP records and NMOcorrected gather using the results of the two-parameter scan are shown in Figure 4 . Figure 5 shows the semblance analysis for parameters and 0 S α in Equation (10). These results confirm that the two-parameter approximations are sufficiently accurate for moveout correction of seismic data from near to far offsets.
Conclusions
We have presented two-parameter approximations of seismic travel times using velocity or slowness variation with depth or vertical traveltimes. The approximation, which uses the slowness variation with depth, works particularly well in the presence of a thin high-velocity layer. The results of NMO for synthetic seismic records show that the two-parameter approximations produce relatively high accuracy for all offsets. Table 1 ) with small velocity variations, large velocity variations and with a high-velocity layer, respectively (after Causse et al., 2000) . 
